
FTZSTSTA

RWMA



RESISTANCE
WELDING
MANUAL

Revised Fourth Edition

RWMA



CONTENTS

Section 1

PROCESSES

PREFACE jjj
ACKNOWLEDGEMENTS v

Fundamentals Of Resistance Welding ;M

INTRODUCTION 1-1
RESISTANCE WELDING PROCESSES 1-1
RELATED PROCESSES 1-3
FUNDAMENTALS OF THE RESISTANCE WELDING PROCESS 1-3
APPLICATIONS 1-8
ECONOMICS 1-9
DESIGN PRINCIPLES 1-12
MATERIALS 1-18
LIMITATIONS 1-18

Spot Welding

INTRODUCTION 2-1
FUNDAMENTALS OF THE PROCESS 2-1
TYPES OF WELDS 2-2
ELECTRODES 2-5
MATERIALS 2-5
WELD QUALITY 2-7
IMPLEMENTATION 2-8

Projection Welding

INTRODUCTION 3-1
TYPES OF PROJECTIONS 3-3
GENERAL PRINCIPLES 3-8
WELD QUALITY 3-12

Seam Welding 4 ^

INTRODUCTION 4-1
FUNDAMENTALS OF THE PROCESS 4-2
WELD QUALITY 4-8
MATERIALS 4-11

Flash And Upset Welding 5 ^

FUNDAMENTALS OF THE PROCESS 5-1
APPLICATIONS 5-3
EQUIPMENT 5-3
WELDING PROCEDURES 5-7
PROCESS VARIABLES 5-11
WELD QUALITY 5-13
TESTING AND INSPECTION 5-15
WELDING OF STEEL 5-15
UPSET WELDING 5-18

vii



Contents

Additional Resistance Welding Processes

CROSS WIRE WELDING 6-1
RESISTANCE BRAZING 6-4
HOT RIVETING AND UPSETTING 6-10
PERCUSSION WELDING 6-12
BUTT SEAM WELDING 6-14
RESISTANCE CUTTING 6-16

Section 2

MATERIALS

Low Carbon Steels 7A_
INTRODUCTION 7-1
GENERAL PRINCIPLES 7-1
SPOT WELDING 7-3
PROJECTION WELDING 7-11
SEAM WELDING 7-12
ROLL SPOT WELDS 7-13
MASH SEAM WELDS 7-13
FLASH WELDING 7-13
UPSET WELDING 7-16
RESISTANCE WELDS IN SCALY STOCK 7-17

High Carbon And Low Alloy Steels 6^

INTRODUCTION 8-1
GENERAL PRINCIPLES 8-1
SPOT WELDING 8-3
SEAM WELDING 8-12
FLASH WELDING 8-12
HIGH STRENGTH LOW ALLOY STEEL (HSLA) 8-14

Stainless And High Alloy Steels JM

INTRODUCTION 9-1
GENERAL PRINCIPLES 9-1
SPOT WELDING 9-5
PROJECTION WELDING 9-8
ROLL SPOT AND SEAM WELDING 9-8
FLASH WELDING 9-8
STAINLESS-CLAD STEEL 9-9

Coated And Plated Steels 10-1

SPOT WELDING 10-1
PROJECTION WELDING 10-5
SEAM WELDING 10-5
FLASH WELDING 10-5

viii



Contents

Aluminum And Aluminum Alloys 11-1

INTRODUCTION 11-1
MATERIAL PREPARATION 11-3
SPOT WELDING 11-5
QUALITY CONTROL 11-24
ELECTRODES 11-29
SEAM AND ROLL SPOT WELDING 11-30
PROJECTION WELDING 11-33
UPSET WELDING 11-33
FLASH WELDING 11-34

Magnesium And Magnesium Alloys 12-1

INTRODUCTION 12-1
SPOT WELDING 12-2
FLASH WELDING 12-3

Copper And Copper Base Alloys 13-1

INTRODUCTION 13-1
ALLOYING AGENTS 13-1
COPPER BASE ALLOYS 13-3
GENERAL PRINCIPLES 13-5
SPOT WELDING 13-7
PROJECTION WELDING 13-10
SEAM WELDING 13-10
FLASH WELDING 13-11

Nickel And Nickel-Base Alloys 14-1

INTRODUCTION 14-1
SPOT WELDING 14-6
PROJECTION WELDING 14-15
CROSS WIRE WELDING 14-15
SEAM WELDING 14-16
FLASH WELDING 14-18

Miscellaneous And Dissimilar Metals 15-1

TITANIUM 15-1
COBALT BASE ALLOYS 15-2
REFRACTORY METALS 15-4
ZINC AND ZINC DIE CASTINGS 15-4
LEAD AND LEAD ALLOYS 15-5
DISSIMILAR METALS 15-5

ix



Contents

Section 3

EQUIPMENT

Machines 16-1

INTRODUCTION 16-1
ROCKER ARM MACHINES 16-2
BENCH MOUNTED WELDING MACHINES 16-4
PRESS TYPE WELDING MACHINES 16-5
SEAM WELDING MACHINES 16-6
FLASH AND UPSET WELDING MACHINES 16-8
MULTIPLE SPOT WELDING MACHINES 16-11
PORTABLE GUN WELDING MACHINES 16-13
ROBOT SYSTEMS INTEGRATION 16-15
HIGH FREQUENCY WELDING 16-16
MISCELLANEOUS MACHINES 16-17

Jigs, Fixtures And Tooling 17-1

INTRODUCTION 17-1
WORKHOLDING DEVICES 17-10
JIGS AND FIXTURES FOR GUN WELDING MACHINES 17-12
HOPPER AND MAGAZINE FEEDS 17-13
SEAM WELDING FIXTURES 17-15
FLASH AND UPSET WELDING MACHINE CLAMPING FIXURES 17-15
TYPES OF OPERATION 17-16
BACKUPS AND LOCATORS 17-17

Resistance Welding Electrodes 18-1

INTRODUCTION 18-1
ELECTRODE FUNCTIONS 18-1
ELECTRODE MATERIALS 18-2
FACTORS AFFECTING CHOICE OF ELECTRODE MATERIALS 18-11
SPOT WELDING ELECTRODES 18-12
PROJECTION WELDING ELECTRODES 18-24
SEAM WELDING ELECTRODES 18-25
UPSET AND FLASH WELDING ELECTRODES 18-26
PROPER ELECTRODE COOLING 18-27

Welding Transformers And Power Conversion Equipment 19-1

INTRODUCTION 19-1
ELECTRICAL SYSTEM 19-1
SINGLE-PHASE RESISTANCE WELDING TRANSFORMERS 19-4
FREQUENCY CONVERTER SYSTEM 19-9
HIGH FREQUENCY DIRECT CURRENT WELDING POWER SUPPLIES 19-11
DIRECT-CURRENT POWER CONVERSION EQUIPMENT 19-11



Contents

Welding Controls 20-1

INTRODUCTION 20-1
CONTROL SYSTEMS 20-1
CONTROL TECHNOLOGIES 20-3
STANDARD NEMA CLASSIFICATIONS 20-4
USER INTERFACE 20-5
CONTACTORS 20-6
HEAT CONTROL 20-7
COMPENSATION AND FEEDBACK SYSTEMS 20-11
COOLING REQUIREMENTS 20-14

Power Supply 21-1

INTRODUCTION 21-1
OUT-PLANT POWER SUPPLY SYSTEM 21-1
IN-PLANT POWER SUPPLY SYSTEM 21-7

Instrumentation 22-1

INTRODUCTION 22-1
PROCESS VARIABLES 22-2
EQUIPMENT AVAILABLE 22-5

Fluid Power Systems 23-1

INTRODUCTION 23-1
FLUIDS 23-1
PRESSURE SUPPLY SYSTEMS 23-2
CYLINDERS 23-7
SYSTEM SELECTION 23-14

Quality Control 24^

INTRODUCTION 24-1
PERSONNEL 24-1
FACTORS AND VARIABLES AFFECTING WELD QUALITY 24-1
OPERATOR 24-4
STANDARD METHODS FOR TESTING RESISTANCE WELDS 24-4
APPLICATION OF STANDARD METHODS FOR

MECHANICAL TESTING OF RESISTANCE WELDS 24-27

Maintenance And Service 25-1

INTRODUCTION 25-1
INSTALLATION OF EQUIPMENT 25-1
SETUP OF EQUIPMENT 25-4
MACHINE AND EQUIPMENT MAINTENANCE 25-4
PERIODIC INSPECTION AND SERVICE 25-11
SPARE PARTS 25-14

SYMBOLS AND ABBREVIATIONS M

INDEX 11-1

xi



PROCESSES

SECTION 1

Fundamentals Of Resistance Welding 1

Spot Welding 2

Projection Welding 3

Seam Welding 4

Flash and Upset Welding 5

Additional Resistance Welding Processes 6



1

Fundamentals Of
Resistance Welding

INTRODUCTION

Welding consists of the joining of two or more
pieces of metal by the application of heat and

sometimes of pressure.

Resistance welding embraces that branch of the
welding art in which the welding heat in the parts to
be welded is generated by the resistance offered by
these parts to the passage of an electrical current. It dif-
fers from other forms of welding in that no extraneous
materials, such as fluxes, filler rods, etc. are used;
therefore, the metallography of the weld is not com-
plicated by the addition of these materials. Resistance
welding further differs from the fusion welding
processes, by utilizing the application of mechanical
force to forge the heated parts together. The effect of
the force is to refine the grain structure, thus produc-
ing a weld with physical properties, in most cases,
equal to the parent metal, and sometimes even superior.

Resistance welding machines and their operation
often appear mysterious to the layman when he sees
good welds being made quickly and easily. The same

characteristics may lead the beginner to believe the
process more simple, or more generally applicable,
than is true. It is the aim of this introductory discus-
sion to review the fundamentals of the process and to
discuss some of the more basic details.

Welding is really a metallurgical process. Ordinary
iron has been described as a suspension of ferrite crys-
tals of variable compositions in a matrix of its own
impurities. It is this matrix of impurities that increases
the electrical resistance of all metals which is of real
importance in electrical resistance welding.

RESISTANCE WELDING
PROCESSES

Figure 1.1 illustrates, in graphic form, the resistance
welding processes1 and their relation to one another. It
should be noted from this chart that the general sub-
ject of resistance welding may be broken into two gen-
eral classifications according to the method of joining
the parts. (The same classifications may also be
applied to other welding processes).

See also the latest revision of Standard Welding Terms and Definitions, an American Welding Society (AWS) publication.
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